Introduction
Early antisocial behavior is a well-established risk factor for later serious and persistent adjustment problems, including delinquency and school dropout (Dishion, French, & Patterson, 1995; Tremblay, Pihl, Vitaro, & Dobkin, 1994) . Two types of antisocial behavior have been reported in the literature: aggressive and non-aggressive. Aggressive antisocial behavior refers to behaviors such as aggression, personal violence, and destruction of property, whereas nonaggressive antisocial behavior refers to behaviors such as theft, lying, cheating, and rule breaking. Although correlated (r between .4 and .6), the two types of antisocial behavior are associated with partly different risk factors (Barker et al., 2011; Burt, 2009; Lacourse et al., 2010) . Aggressive and non-aggressive antisocial behaviors also demonstrate important developmental differences. Aggressive antisocial behavior is typically highest during early childhood and tends to decrease thereafter for most, but not all, children (Stanger, Achenbach, & Verhulst, 1997; . In contrast, non-aggressive antisocial behavior tends to increase from childhood to adolescence (Stanger et al., 1997) . These almost opposite developmental patterns may make each type of antisocial behavior particularly sensitive to environmental influences at different periods of development: during early childhood for aggressive antisocial behavior, when it is on the decline, but during early adolescence for nonaggressive antisocial behavior, when it is on the rise.
Both types of antisocial behavior are also differently influenced by genetic factors.
Summarizing 103 twin and adoption studies, Burt (2009) concluded that between 40 and 60% of the variance for aggressive antisocial behavior was explained by genetic factors, whereas nonshared environmental factors (i.e., factors that are specific to each member of a twin pair) explained the rest. Around 50% of the variance for non-aggressive antisocial behavior is also under genetic influence according to Burt's review. The remaining variance for non-aggressive antisocial behavior is mostly (i.e., at around 35%) explained by non-shared environmental factors, and to a smaller extent (i.e., at around 15%) by shared environmental influences (i.e., factors that are common to both members of a twin pair).
There is also evidence to suggest that the genetic and (non-shared) environmental factors associated with aggressive and non-aggressive antisocial behavior might overlap, at least partially. For example, Burt (2013) noted that 38% of genetic influences and 10% of non-shared environmental influences are common to both types of antisocial behavior, which probably accounts for their phenotypic overlap. However, the studies that examined the overlap between genetic and environmental influences on aggressive antisocial behavior and non-aggressive antisocial behavior are scarce and they typically draw upon data that include a large age range, from preschoolers to late adolescents. In consequence, the degree of overlap between aggressive and non-aggressive antisocial behavior at any specific point in development -particularly during middle childhood when non-aggressive antisocial behavior is on the rise and aggressive antisocial behavior tends to decline -remains unknown (Broidy et al., 2003) . The first goal of this study was thus to examine the overlap in genetic and environmental influences, respectively, on aggressive and non-aggressive antisocial behavior in a sample of 10 year-old twins. Burt (2009) also noted a moderate variability in the percentage of variance explained by genetic influences across the studies she reviewed. Some of this genetic variability may be explained by participants' age or other methodological features such as the precise definition or measurement of aggressive antisocial behavior and non-aggressive antisocial behavior. However, a significant part of this variability might also be due to differences in participants' social environment, such as peer group norms regarding aggressive and non-aggressive antisocial behavior. Unfortunately, few researchers have examined the role of genetic influences on aggressive and non-aggressive antisocial behavior as a function of the acceptability of these behaviors in the peer group. Differences in the relative power of peer group norms to modulate the expression of genetic influences on aggressive antisocial behavior versus non-aggressive antisocial behavior would further support the distinction between the two types of antisocial behavior. Such differences would also help explain the variability in the genetic-environmental architecture of aggressive antisocial behavior and non-aggressive antisocial behavior across studies. Finally, such findings could open the door to prevention strategies based on group norms to curb the expression of genetic dispositions towards aggressive and non-aggressive antisocial behavior. Therefore, the second goal of this study was to test whether peer group norms moderate the expression of the genetic and/or environmental components associated with aggressive antisocial behavior and non-aggressive antisocial behavior by middle childhood (i.e., at age 10 years).
Role of Peer Group Norms
Beyond the early childhood period, most children spend a large portion of their day in the company of peers in daycare settings or schools. By providing rules and norms for personal interactions as well as social reinforcement, peers play an important part in shaping children's behavior from an early age (Bukowski, Brendgen, & Vitaro, 2007) . Two types of norms have been discussed that may influence an individual's behavior. According to Cialdini, Kallgren, and Reno (1991) , descriptive norms refer to how most group members behave and are typically operationalized based on the overall prevalence (i.e., the mean level) of a behavior in a given group. In contrast, injunctive norms refer to what group members are expected to do, irrespective of the prevalence of this behavior, and are operationalized based on the group's level of approval or disapproval of the behavior. An additional important aspect refers to norm salience, i.e., the degree to which norms are made explicit to group members. Descriptive norms can be made explicit through information about the prevalence of the behavior in the group, whereas injunctive norms can be made explicit through rewards or sanctions (e.g., by conferring a higher or lower social standing to the individuals engaging in a given behavior).Studies show that peer groups such as school classes vary considerably with respect to both descriptive norms (i.e., the mean level) of aggressive and non-aggressive antisocial behavior and with respect to the injunctive norms (i.e., the level of acceptability) of these behaviors (e.g., Henry et al., 2000; Mercer, McMillen, & DeRosier, 2009; Rodkin, Farmer, Pearl, & Van Acker, 2006) . One study investigating the unique effects of descriptive versus injunctive norms on aggressive antisocial behavior found that it is not so much the descriptive peer group norms that predict children's aggressive behavior. Rather, aggressive behavior seems to increase most in classrooms where injunctive norms are highly salient and favorable towards aggressive behavior (Henry et al., 2000) . Hence, explicit injunctive norms seem to play a more important role than descriptive norms with respect to children's aggressive behavior.
The peer group -and especially the group's norms in regard to aggressive and nonaggressive antisocial behavior -may significantly influence the expression of a child's genetic disposition for such behaviors through a gene x environment interaction (GxE) process. Two types of GxE processes may be found in the current context: 1-Group norms may exacerbate the expression of a genetic liability for antisocial behavior according to a facilitation process (also known as a contextual triggering process, which is similar to a diathesis-stress model ; Shanahan & Hofer, 2005) ; in this case a liability for (aggressive or non-aggressive) antisocial behavior would be expressed only, or more so, when peer group norms are favorable (i.e., when environmental risk is high); 2-in contrast, favorable group norms could diminish or mitigate the expression of a genetic liability toward (aggressive or non-aggressive) antisocial behavior in accordance with a suppression process (also known as a social control process, which is similar to a bioecological model; Bronfenbrenner & Ceci, 1994; Rutter, Moffitt, & Caspi, 2006; Shanahan & Hofer, 2005) . In this case, individual differences in genetic liability would explain individual differences in antisocial behavior only when group norms generally discourage such behavior (i.e., when environmental risk is low). However, when group norms are favorable (i.e., when environmental risk is high), even non-genetically at risk children may resort to antisocial behavior. To date, the moderating role of injunctive group norms in a genetically-informed context has only been examined in regard to peer-rated physical and relational aggression, but not their possible overlap (Brendgen, Girard, Vitaro, Dionne, & Boivin, 2013) . Results showed that, although no moderating effect of injunctive norms was found in regard to relational aggression, favorable norms did foster the expression of genetic liability for physical aggression, in line with a facilitation process of GxE. Whether a similar pattern applies to injunctive norms in regard to a general tendency for antisocial behavior (as indicated by an overlap in genetic influences common to aggressive and non-aggressive antisocial behavior) or a specific propensity toward aggressive antisocial behavior or non-aggressive antisocial behavior remains to be known.
The Present Study
Using a genetically informed design based on twins raised together but attending different classrooms, the first goal of the present study was to examine whether, as expected, we would find common genetic influences on aggressive and non-aggressive antisocial behavior (termed general antisocial behavior), as well as specific influences on either aggressive antisocial behavior or non-aggressive antisocial behavior. The second goal was to examine whether the genetic (or environmental) influences on aggressive and non-aggressive antisocial behavior vary depending on the peer group's explicit injunctive norms regarding these behaviors. Based on the evidence reviewed above, we expected that genetic effects on both general antisocial behavior and specific aggressive antisocial behavior and non-aggressive antisocial behavior would be moderated by explicit injunctive peer group norms. In accordance with a facilitation process, we specifically expected that the genetic influences on both types of antisocial behavior and their common core (i.e., general antisocial behavior) would be reduced in classes where the norms are unfavorable, but exacerbated in classes with favorable norms. This hypothesis was tested with a sample of Monozygotic (MZ) and same-sex and opposite-sex Dizygotic (DZ) twins aged 10 years old. As already mentioned, this developmental period is of specific theoretical and practical interest given that children manifesting aggressive and non-aggressive antisocial behavior are at risk for later serious and persistent adjustment problems, including delinquency and dropping out of school (Dishion et al., 1995; Tremblay et al., 1994) , and that age 10 has been proposed as the dividing line between early and late onset for these behaviors (Lahey et al., 1998) .
Method

Sample
Participants of this study were part of a population-based longitudinal sample of 662 MZ and DZ twin pairs from the greater Montreal area who were initially recruited at birth between November 1995 and July 1998 (see Boivin et al., 2013) . Zygosity was assessed at 18 months based on physical resemblance via the Zygosity Questionnaire for Young Twins (Goldsmith, 1991) . For a subsample of the same-sex twin pairs (n = 123), a DNA sample was evaluated with respect to 8-10 highly polymorphous genetic markers. The comparison of zygosity based on the similarity of these genetic markers with zygosity based on physical resemblance revealed a 94% correspondence rate, which is similar to rates obtained in older twin samples (Forget-Dubois et al., 2003) . Eighty-seven percent of the families were of European descent, 3% were of African descent, 3% were of Asian descent, and 1% were Native North Americans. The remaining families did not provide ethnicity information. Demographic characteristics of the twin families were comparable to those of a sample of single births representative of urban centers in the province of Quebec. At the time of their child(ren)'s birth, 95% of parents lived together; 66% of mothers and 60% of fathers were between 25 and 34 years old; 17% of mothers and 14% of fathers had not finished high school; 28% of mothers and 27% of fathers held a university degree; 83% of the parents held an employment; 10% of the families received social welfare or unemployment insurance; 30% of the families had an annual income of less than $30,000.
The sample was followed longitudinally at 5, 18, 30, 48, and 60 months focusing on child and family characteristics. New data collections were completed when the children were in kindergarten, grade 1, grade 3, and grade 4. Only grade 4 data were used for the purpose of this study, because it was the only data point when self-reports of antisocial behavior were available for participants (i.e., twins) and classmates (mean age = 10.2 years, SD = .42). Out of the initial 662 pairs, 416 twin pairs participated in grade 4. In 266 (64%) of these twin pairs, the two twins did not attend the same grade 4 class. For statistical analyses with twin samples, the same environmental variable (e.g., peer group norms) needs to be measured consistently either at the level of the individual twin, as was the case when the two twins of a pair were in different classes, or at the level of the pair, as was the case when the two twins of a pair were in the same class. Because the two twins of a pair were mostly in different classes, only these pairs were included in the present study. The 266 twin pairs in the final study sample (108 MZ pairs and 158 same-sex and opposite-sex DZ pairs) did not differ from those who were lost through attrition in regard to mother-rated aggressive behavior at ages 18 to 48 months, family status, parental education or parents' age, but family revenue was higher in the remaining study sample.
Active written consent from the twins' parents as well as from the parents of the twins' classmates was obtained (see measures). Data collection took place in the spring to ensure that the children knew each other. All instruments were approved by the Institutional Review Board and the school board administrators.
Measures
Aggressive and non-aggressive antisocial behavior. Aggressive and non-aggressive antisocial behavior of each target child (i.e., the twins) as well as of each of their respective classmates was measured using self-reports when the target children were 10 years old. Each antisocial behavior scale included six items (examples for aggressive antisocial behavior:
fighting, bullying; examples for non-aggressive antisocial behavior: stealing, lying). Each item was rated on a 4-point scale: 0 (never), 1 (once or twice), 2 (often) and 3 (very often) in reference to the last 12 months. The items were part of the Self-Reported Delinquency Questionnaire for which LeBlanc and McDuff (1991) reported good temporal stability and satisfactory concurrent validity. Internal consistency in this study was also satisfactory (Cronbach alphas = .74 for aggressive antisocial behavior and .72 for non-aggressive antisocial behavior). Aggressive antisocial behavior and non-aggressive antisocial behavior were positively correlated, r = .45, p = .00. As expected, they were also not normally distributed. In consequence, a reversetransformation and a log-transformation, respectively, for aggressive and non-aggressive antisocial behavior was used to reduce skewness and kurtosis to acceptable levels. Means, standard deviations and distributional properties for each type of antisocial behavior are presented in Table 1 .
Peer group norms of aggressive antisocial behavior and non-aggressive antisocial
behavior. As in other studies (Boardman, Saint Onge, Haberstick, Timberlake, & Hewitt, 2008; Henry et al., 2000) , classroom explicit injunctive norms were determined by correlating children's aggressive and non-aggressive antisocial behavior scores with their level of sociometric popularity or rejection within the classroom. To this end, children were asked during a sociometric procedure to nominate up to three classmates they most liked to play with (positive nominations) and of three children they least liked to play with (negative nominations). Following widely used criteria for assessing peer acceptance and rejection (Coie, Dodge, & Coppotelli, 1982) , the total number of received positive nominations was calculated for each participant and z-standardized within classroom to create a total Liked-Most-score. Similarly, the total number of received negative nominations was calculated for each participant and z-standardized within classroom to create a total Liked-Least-score. The Liked-Least-score was then subtracted from the Liked-Most-score to calculate a Peer Social Preference scale, which was again z-standardized within classroom. High levels on this scale indicate acceptance whereas low levels indicate rejection. The explicit injunctive norm for aggressive antisocial behavior within a given classroom was indicated by the classroom-specific correlation between peer social preference and aggressive antisocial behavior.
Similarly, the explicit injunctive norm for non-aggressive antisocial behavior within a given classroom was indicated by the classroom-specific correlation between peer social preference and non-aggressive antisocial behavior. The average correlation between peer social preference and each type of antisocial behavior was moderately negative, but there was considerable variability across classrooms (mean r across classrooms = -.14, range -.87 to .82, for the correlation between peer social preference and aggressive antisocial behavior and mean r across classrooms = -.11, range -.91 to .63, for the correlation between peer social preference and non-aggressive antisocial behavior). Because only twins who were in a different classroom than their co-twin were included in the analyses, peer group norms were a 'child-level' variable. The aggressive antisocial behavior norms were uncorrelated with the target children's (i.e., the twins') aggressive antisocial behavior scores, r = .04, ns. Similarly, the non-aggressive antisocial behavior norms were uncorrelated with the target children's non-aggressive antisocial behavior scores, r = .00, ns. However, the norms for aggressive antisocial behavior and non-aggressive antisocial behavior were correlated with each other, r = .55, p = .00.
Analyses Preliminary Analyses
Using the Mplus software package (Muthén & Muthén, 1998 -2010 , preliminary analyses revealed that boys scored significantly higher than girls on both aggressive and non-aggressive antisocial behavior ( 2 (2) = 6.20, p = .04 for aggressive antisocial behavior and  2 (2) = 62.3, p = .00 for non-aggressive antisocial behavior). No significant sex mean differences emerged in regard to peer group norms ( 2 (2) = 5.16, p = .08 for the aggressive antisocial behavior norm and  with freely estimated parameters across MZ and DZ pairs, revealed no significant difference between boys and girls (χ 2 (12) = 8.06, p = .78). In addition, the variance-covariance matrix of the study variables for same-sex and opposite sex DZ twin pairs did not differ ( 2 (6) = 1.88, p = .93). Data were therefore pooled combining male and female MZ pairs, on the one hand, and combining male and female DZ pairs and opposite DZ pairs, on the other hand, to maximize statistical power. Further analyses revealed no mean differences in regard to the study variables between MZ twins and DZ twins ( 2 (2) = 4.58, p = .10).
Genetic and Environmental Influences: Univariate Analyses
In a first series of analyses, univariate models were fitted to the data to estimate the relative contribution of genetic and environmental factors to aggressive antisocial behavior and non-aggressive antisocial behavior, respectively, as well as to the injunctive peer group norms towards these two behaviors. The within-pair correlations for aggressive and non-aggressive antisocial behavior and for the respective peer group norms are depicted in the upper part of Table 1 . By comparing within-pair correlations for MZ twins (who are genetically identical) and DZ twins (who on average share only half of their genes), sources of variability of a measured variable (phenotype) can be estimated in terms of latent additive genetic effects (A), latent shared environmental effects (C), and latent non-shared environmental effects (E) (Neale & Cardon, 1992) . Within-twin pair correlations of the latent additive genetic factors (A) are fixed to 1.0 for MZ twins and to 0.5 for DZ twins. Within-twin pair correlations of the latent shared environmental factors (C) are fixed to 1.0 for both MZ and DZ twins. Within-twin pair correlations of the latent non-shared environmental factors (E) are fixed to 0.0 for both MZ and DZ twins. The squared path coefficients between these latent factors and the observed measures,
i.e., parameters a 2 , c 2 , and e 2 , represent partitions of variance of each phenotype, with measurement error included in e 2 . Because intra-pair correlations of DZ twins were very small (r = .06) for aggressive antisocial behavior and even negative (r = -.06) for non-aggressive antisocial behavior, potential sibling interaction (contrast) effects were also estimated to reduce bias in the genetic effect estimates on the phenotype under study (Neale & Maes, 2004) . These sibling contrast effects were added as a bidirectional effect between siblings that was constrained to be equal across twins of a pair and across MZ and DZ twin pairs (Neale & Maes, 2004 
Overlap in Genetic and Environmental Influences and the Moderating Role of Peer Group
Norms: Multivariate Analyses
In a second series of analyses, multivariate models were fitted to the data to examine the overlap in genetic (A) and nonshared environmental (E) influences between aggressive and nonaggressive antisocial behavior, as well as between the norms regarding these two behaviors (note: univariate analyses revealed no shared environmental effects C on either type of antisocial behavior). Given that the cross-twin cross-trait correlation (i.e., the correlation between aggressive antisocial behavior and non-aggressive antisocial behavior within MZ and DZ pairs, respectively, was higher for MZ (r = .15), than DZ pairs (r = .07), genetic covariance between aggressive antisocial behavior and non-aggressive antisocial behavior ought to be expected. In these analyses we also examined whether explicit injunctive peer group norms moderated the effect of general and specific genetic factors associated with aggressive and non-aggressive antisocial behavior. To this end, we first specified a multivariate model (Model 1) where the covariance structure of aggressive and non-aggressive antisocial behavior and of the respective peer group norm was partitioned into (1) latent factors Ag and Eg that influence general antisocial behavior (i.e., the overlap between aggressive and non-aggressive antisocial behavior), 2) latent factors Aaasb and Eaasb, as well as Anasb and Enasb, respectively, that influence each type of antisocial behavior specifically, and (3) Because preliminary analyses had shown that aggressive antisocial behavior and nonaggressive antisocial behavior were uncorrelated with their respective peer group norms, no correlations were specified between the latent factors that influenced aggressive and nonaggressive antisocial behavior and the latent factors that influenced the respective peer group norms. However, it was possible that peer group norms moderate the effect of genetic factors on general antisocial behavior and on specific aggressive antisocial behavior or non-aggressive antisocial behavior. These interactions were examined in separate model tests, where interaction terms were added to the previously described multivariate model. In the first model (Model 2a;
see Figure 2a ), we examined whether the general antisocial behavior-related peer group norm moderated the effect of the general genetic effect Ag on aggressive antisocial behavior and nonaggressive antisocial behavior respectively represented by terms ag-aasb(Ng) and ag-nasb(Ng). In addition to testing these gene-environment interactions, we also examined whether the general antisocial behavior-related peer group norm moderates the general environmental effect Eg on aggressive antisocial behavior and non-aggressive antisocial behavior, respectively, represented by the terms eg-aasb(Ng) and eg-nasb(Ng). Adding these "environment-environment interaction"
terms was important to examine whether the moderating effect of the general antisocial behavior peer group norm is truly specific to the general genetic effect Ag on aggressive antisocial behavior and non-aggressive antisocial behavior (Purcell, 2002) .
In a second model (Model 2b; see Figure 2b ), we examined whether the peer group norm specific to non-aggressive antisocial behavior moderates the effect of the genetic and environmental factors Anasb and Enasb that are specific to non-aggressive antisocial behavior.
These interactions are represented by terms anasb(Nnasb) and enasb(Nnasb). Because multivariate ACE modeling revealed a very weak and non-significant genetic influence specific to aggressive antisocial behavior, it was not possible to examine whether the peer group norm specific to aggressive antisocial behavior moderated the effect of the genetic factors that are specific to aggressive antisocial behavior. Finally, in a separate set of analyses, we tested whether the general peer group norms or the norms specific to aggressive antisocial behavior and-or nonaggressive antisocial behavior had a main effect on aggressive antisocial behavior and nonaggressive antisocial behavior.
Results
Genetic and Environmental Influences: Univariate Analyses
The results from the univariate genetic analyses are shown in the lower part of Table 2 .
As can be seen, additive genetic (i.e., A) factors accounted for 30% of the variance of aggressive antisocial behavior, with the remaining 70% of the variance of aggressive antisocial behavior explained by non-shared environmental factors (E). In a similar manner, additive genetic factors (A) explained half (50%) of the variance of non-aggressive antisocial behavior, with the other half again explained by non-shared environmental factors (E). In addition, a significant contrast effect between siblings (s = -.17, SE = .07, p = .02) was found for non-aggressive antisocial behavior, indicating that the more one twin engaged in non-aggressive antisocial behavior, the less the other twin engaged in such behavior. Exposure to differential peer group norms was completely explained by non-shared environmental factors, which accounted for 100% of the variance of aggressive antisocial behavior norms and for 100% of the variance of non-aggressive antisocial behavior norms.
Overlap in Genetic and Environmental Influences and the Moderating Role of Peer Group
Norms: Multivariate Analyses
The results from the multivariate model without interaction terms (Model 1) are presented in Table 3 . There was a general genetic factor Ag that explained 27% of the variance of aggressive antisocial behavior and 25% of the variance of non-aggressive antisocial behavior.
There was also a genetic factor Anasb specific to non-aggressive antisocial behavior, explaining 24% of the variance of non-aggressive antisocial behavior. The genetic factor Aaasb specific to aggressive antisocial behavior was very small and non-significant, explaining only 4% of the variance. There was also a general environmental factor Eg that explained 21% of the variance of aggressive antisocial behavior and 19% of the variance of non-aggressive antisocial behavior.
Moreover, there were a specific environmental factor Eaasb that explained 48% of the variance of aggressive antisocial behavior and another specific environmental factor Enasb that explained 32% of the variance of non-aggressive antisocial behavior. For antisocial behavior-related peer group norms, the results showed a general environmental factor EN(g) that explained 50% of the variance of aggressive antisocial behavior peer group norms and 50% of the variance of nonaggressive antisocial behavior peer group norms. An environmental factor EN(aasb) specific to aggressive antisocial behavior peer group norms explained the remaining 50% of aggressive antisocial behavior peer group norms and an environmental factor EN(nasb) specific to nonaggressive antisocial behavior peer group norms explained the remaining 50% of non-aggressive antisocial behavior peer group norms.
Model 2a (Table 3) , which tested the moderating effect of general antisocial behavior peer group norms showed that these general antisocial behavior norms significantly moderated the general genetic effect Ag on both aggressive antisocial behavior and non-aggressive antisocial behavior (ag-aasb(Ng) = -.13, p = .042; ag-nasb(Ng) = -.13, p = .042). General antisocial behavior peer group norms also moderated the general environmental effect Eg on both aggressive antisocial behavior and non-aggressive antisocial behavior (eg-aasb(Ng) = -.40, p = .000; eg-nasb(Ng) = -.40, p = .000). These findings indicate that the general genetic and general non-shared environmental influences on antisocial behavior vary significantly depending on whether the peer group norms favor or disfavor general antisocial behavior. For illustrative purposes, we plotted the magnitude of the different variance components of aggressive antisocial behavior and of non-aggressive antisocial behavior as a function of general antisocial behavior peer group norms ( Figure 3a) . As can be seen, the general antisocial behavior-related genetic factor Ag explained around 50% of the variance of aggressive antisocial behavior when general antisocial behavior-related peer group norms were highly unfavorable (-1SD below the mean).
However, the general antisocial behavior-related genetic factor Ag had much less influence on aggressive antisocial behavior (explaining only 20% of the variance) when general antisocial behavior-related peer group norms were highly favorable (+1SD above the mean). Of course, a reverse pattern was observed in regard to the amount of variance explained by environmental factors, as illustrated in Figure 3a : non-shared environmental factors explained 50% of the variance when norms were unfavorable (i.e., -1 SD below the mean) but 80% when norms were favorable (i.e., +1 SD above the mean). A similar pattern was observed for non-aggressive antisocial behavior (Figure 3a' ). Specifically, the general antisocial behavior-related genetic factor Ag explained a considerable portion (around 60%) of the variance of non-aggressive antisocial behavior when general antisocial behavior-related peer group norms were highly unfavorable. In contrast, the general antisocial behavior-related genetic factor Ag had less influence on non-aggressive antisocial behavior (explaining around 30% of the variance) when general antisocial behavior-related peer group norms were highly favorable. Again, a reverse pattern was observed for non-shared environmental influences, with 40% of the variance between non-aggressive and aggressive antisocial behavior explained by nonshared environmental factors common to both types when norms were unfavorable versus 70% when norms were favorable.
Model 2b (Table 3) revealed that the peer group norm specific to non-aggressive antisocial behavior also significantly moderated the effects of the genetic and environmental factors Anasb and Enasb that are specific to non-aggressive antisocial behavior (anasb(Nnasb) = .22, p = .000, and enasb(Nnasb) = .10, p = . 006). But in contrast to the pattern observed for general antisocial behavior, plotting of these interactions (Figure 3b) showed that the genetic factor specific to non-aggressive antisocial behavior explained little (around 20%) of the variance of non-aggressive antisocial behavior when peer group norms specific to non-aggressive antisocial behavior were highly unfavorable (-1 SD below the mean). Most (i.e., 80%) of the variance specific to non-aggressive antisocial behavior was explained by non-shared environmental factors in this case. However, when peer group norms specific to non-aggressive antisocial behavior were highly favorable (+1 SD above the mean), inter-individual differences in nonaggressive antisocial behavior were more explained by genetic influences specific to nonaggressive antisocial behavior, accounting for around 40% of the variance. Non-shared environmental factors -while explaining less variance in this case than when the norms were unfavorable -still explained 60% of the variance, however.
Finally, we tested whether peer group norms that were general or specific to aggressive antisocial behavior and non-aggressive antisocial behavior had a main effect on the expression of the genetic or environmental components associated with specific aggressive antisocial behavior and non-aggressive antisocial behavior, respectively. No main effects were found.
Discussion
Numerous studies have shown that aggressive and non-aggressive antisocial behaviors are important precursors of later adjustment problems. There is also strong empirical evidence that both types of antisocial behavior are partially influenced by genetic factors. Genetic and environmental influences do not necessarily operate independently of each other, however (Purcell, 2002) . Still, no study has examined the question whether environmental factors differentially moderate the expression of genetic influences on the two types of antisocial behavior. Using a genetically informed design based on twins, the goals of the present study were twofold: 1) to examine the overlap in the genetic-environmental architecture of aggressive antisocial behavior and non-aggressive antisocial behavior in middle childhood (i.e., at age 10 years) and 2) to determine whether injunctive peer group norms could moderate the expression of the general or specific genetic (and environmental) components associated with aggressive antisocial behavior and non-aggressive antisocial behavior. In line with past studies (see Burt, 2009), we found that a significant portion of the variance in aggressive antisocial behavior and non-aggressive antisocial behavior was explained by genetic factors, controlling for sibling contrast effects. There was also a notable overlap in the sources of influence on aggressive antisocial behavior and non-aggressive antisocial behavior, although distinct sources of genetic and environmental influence were also detected. Most importantly, however, the expression of the genetic influences on the two types of antisocial behavior varied considerably depending on classroom injunctive norms, but not necessarily in the same direction. These results are discussed in turn.
Gene-Environment Architecture of Aggressive Antisocial Behavior and Non-aggressive
Antisocial Behavior
The observed estimates of 30% of genetic variance for aggressive antisocial behavior and 50% of genetic variance for non-aggressive antisocial behavior are typical of what is found when children themselves serve as informants (see Burt, 2009 ). The fact that virtually all of the genetic variance of aggressive antisocial behavior overlapped with the genetic variance of nonaggressive antisocial behavior, resulting in a general antisocial factor, is in line with the results from a small but growing number of studies (Burt, 2013) . A general non-shared environmental factor also explained a moderate portion of the variance shared by the two types of antisocial behavior.
Together, the general genetic and environmental factors associated with both types of antisocial behavior might suggest a common etiology and may very well account for the phenotypic overlap between them. However, the presence of specific sources of influence, both genetic and environmental, contributes to the notion that aggressive antisocial behavior and nonaggressive antisocial behavior also follow distinct etiological pathways due to partially specific risk factors. More specifically, there was a genetic factor specific to non-aggressive antisocial behavior, explaining a substantial part of the variance of non-aggressive antisocial behavior.
There was also a specific non-shared environmental factor that explained the rest of the variance of aggressive antisocial behavior and another specific non-shared environmental factor that explained the rest of the variance of non-aggressive antisocial behavior.
A sibling contrast effect specific to non-aggressive antisocial behavior contributes to this overall picture. In line with other studies (Stevenson & Fielding, 1985) , this contrast effect on non-aggressive antisocial behavior suggests that this behavior is particularly sensitive to environmental influences, including competition effects among siblings, particularly if they do not attend the same classroom and are thus exposed to different norms. However, contrast effects are notoriously difficult to disentangle from dominant (i.e., non-additive) genetic effects (Rietveld, Hudziak, Bartels, van Beijsterveldt, & Boomsma, 2003) . Therefore, contrast effects may not only reflect sibling competition but also genetic dominance effects. Whatever the explanation for the contrast effect, the present findings concur with the notion that aggressive and non-aggressive antisocial behavior should be distinguished but their overlap controlled for.
This conclusion is further reinforced by the fact that the genetic and environmental factors associated with each type of antisocial behavior were not necessarily moderated in a similar direction by the injunctive classroom norms.
Injunctive Group Norms and the Expression of Genetic Risk for Aggressive and Nonaggressive Antisocial Behavior
Similar to findings from previous research (Henry et al., 2000; Rodkin et al., 2006) , peer groups varied considerably in terms of the level of acceptability of both aggressive antisocial behavior and non-aggressive antisocial behavior. Whereas both types of antisocial behavior were positively associated with social acceptance in some classrooms, they were strongly frowned upon in others (Cillessen & Mayeux, 2004) . Why problem behavior is a source of popularity and acceptance in some classrooms, whereas it is a source of peer rejection in others is an important question in itself (Stormshak et al., 1999) that is, however, beyond the scope of the present study.
Our study nevertheless shows that this large variability in the level of acceptability of antisocial behavior is already present in early adolescence and that it applies to both aggressive antisocial behavior and non-aggressive antisocial behavior. However, in partial contrast with past findings (Henry et al., 2000) , injunctive group norms were not directly related to current aggressive antisocial behavior and non-aggressive antisocial behavior. One way to reconcile these apparent contradictory findings is to suggest that there may be a developmental component in the main effect of classroom norms. Thus, Henry et al. found a main effect of injunctive norms on peerrated aggressive behavior among age 12 students, but not among age 9 students (our participants were 10 years old). Even if classroom norms do not influence aggressive antisocial behavior and non-aggressive antisocial behavior directly in middle childhood, our findings nevertheless suggest that they have the power to modulate the expression of genetic propensity (and the influence of environmental experiences unique to each twin) towards these behaviors.
General classroom norms regarding antisocial behavior, regardless of form, moderated the expression of the genetic component related to the overlap between the two types of antisocial behavior. The general antisocial behavior-related genetic factor explained a large portion of the variance of aggressive antisocial behavior and non-aggressive antisocial behavior (i.e., 50 and 60%, respectively) when general peer group norms were highly unfavorable. In contrast, the effect of the general antisocial behavior-related genetic factor became weaker (explaining 20% and 30% of the variance for general aggressive antisocial behavior and nonaggressive antisocial behavior, respectively) when general peer group norms were highly favorable. This tendency for genetic risk to be expressed more readily in a low risk environment than in a high risk environment suggests a suppression GxE process and is compatible with the bio-ecological model (Bronfenbrenner & Ceci, 1994; Rutter et al., 2006) . Hence, when the peer norms conspire against general antisocial behavior, the children who are genetically prone to general antisocial behavior may have difficulties controlling their aggressive tendencies or resisting the temptation to steal desired objects. In fact, the social dynamics in classrooms that condemn the use of aggression may even foster these children's aggressive tendencies even further. A shown by Boivin, Dodge, and Coie (1995) , aggressive children tend to be rejected mainly in groups where aggression is not normative. In turn, aggressive children who are rejected tend to become even more aggressive, either because they encounter frequent conflicts or because they tend to gang up in deviant cliques who encourage the use of aggression (MillerJohnson, Coie, Maumary-Gremaud, Bierman, & Conduct Problems Prevention Research Group, 2002; Vitaro, Pedersen, & Brendgen, 2007) . In contrast, nongenetically at risk children may have no problem refraining from adopting antisocial behaviors when the norms are unfavorable.
However, when the peer norms towards general antisocial behavior are favorable and rewarded by social and possibly material gains, even non-genetically at risk children may be tempted to adopt a general antisocial behavior style, in line with peer contagion theory (Dishion & Tipsord, 2011) . While the present findings suggest that this process of contagion is already underway by age 10 in classrooms where norms are favorable, it may further increase over the transition into adolescence when susceptibility to peer influence increases (Steinberg & Monahan, 2007) . This higher susceptibility to peer norms -with consequently more non-genetically at-risk individuals adopting an antisocial style during adolescence -may, in turn, help explain the familiar agecrime curve, which tends to peak by mid-adolescence (De Lisi, 2015; Moffitt, 1993) .
In contrast to the pattern observed for general antisocial behavior and in line with a facilitation GxE process, genetic dispositions specific to non-aggressive antisocial behavior tended to be expressed more readily in contexts that favored this type of behavior. The lack of punishment along with the promise of considerable advantages in classrooms with a highly permissive attitude toward non-aggressive antisocial behavior such as stealing or cheating likely provide ideal conditions for genetically at-risk children to engage in such behaviors. Unlike children with a genetic risk for general antisocial behavior, which likely is associated with a genetic vulnerability for poor impulse control and other neurocognitive deficits, children with a specific genetic risk for non-aggressive antisocial behavior that is unrelated to aggressive antisocial behavior, such as stealing or cheating, may be more sensitive to contextual contingencies by virtue of their better neurocognitive functioning (Barker et al., 2007) . These results thus contribute to the notion that non-aggressive antisocial behavior is more susceptible to environmental influence than aggressive antisocial behavior or general antisocial behavior (Breslau, Saito, Tancredi, Nock, & Gilman, 2012) .
Strengths and Limitations
This is the first study to examine similarities and differences in gene-environment interaction processes -notably in regard to the role of peer group norms -between different types of antisocial behaviors (i.e., aggressive and non-aggressive), In doing so, we were careful to examine and control for the overlap in the genetic and environmental influences between aggressive and nonaggressive antisocial behavior. The study also possesses several other important strengths. One concerns the fact that injunctive peer group norm salience was based on the actual acceptance of each form of antisocial behavior in the peer group, based on its correlation with peer social preference within a given class, rather than participants' perceptions of their peer norms. Such data are rarely available in twin studies. Moreover, the age of the children who participated in the study corresponded to the proposed dividing line between early and late onset antisocial behavior (Lahey et al., 1998) . Finally……
Despite these strengths, several limitations also need to be considered. The crosssectional nature of the data, due to budgetary restrictions, is one limitation. A short-term longitudinal design within the same school year would best be employed to examine the moderating role of peer group norms on the expression of genetic risk related to the development of aggressive antisocial behavior and non-aggressive antisocial behavior. A related limitation concerns the relatively small sample size. This was partly due to the fact that we had to exclude twin pairs where both members attended the same classroom to ensure consistency in classroom level data for the main analyses. Moreover, the small number of twin pairs with twins in the same classroom as the resulting lack of power prevented us from examining whether the pattern of results would be the same for twin dyads whose members were in the same classroom. Indeed, a power analysis with twin pairs in the same classroom (N= 59 MZ pairs and 91 DZ pairs) yielded a power of only .34 to detect an interaction between either type of antisocial behavior and classroom norms. Future studies with larger samples will need to address generalizability of results across twins in same and different classrooms. Finally, future studies with larger samples also need to replicate the present findings in order to test whether the findings apply equally to girls and boys. More research is also needed to examine whether the results generalize to other age groups.
Conclusion
Our study adds to the growing evidence of gene-environment interactions in the etiology of aggressive antisocial behavior and non-aggressive antisocial behavior. Thus, our findings can help explain the variability in heritability estimates found in behavior genetic studies about aggressive antisocial behavior and non-aggressive antisocial behavior (Burt, 2009) . They also speak to the importance of the peer group in shaping aggressive and non-aggressive antisocial behaviors already in early adolescents as even non-genetically disposed children may adopt them when peer group norms encourage antisocial behavior in general but do not do so when norms are unfavorable. By the same token, our results suggest that genetically at-risk individuals do not refrain from general antisocial behavior when the peer group norms are unfavorable towards such behavior. Based on these findings, it is thus not clear whether inclusion of antisocial individuals in a normative group is a good strategy to curb the expression of their inherent tendency for antisocial behavior. At the same time, there is clear evidence that grouping at-risk individuals in homogeneous antisocial groups may be harmful due to processes such as deviancy training (i.e., positive reinforcement and modeling of antisocial behavior) (Dishion & Piehler, 2009; Snyder et al., 2008) . One way to solve this conundrum would be to create environments that prevent normative children from openly rejecting aggressive children, thus avoiding coercive processes and formation of deviant cliques that create a supportive context for deviancy training. At the same time, however, it would be necessary to protect normative children from falling victim to the antisocial individuals or to favorable norms toward antisocial behavior they might generate. Such "ideal" environments may resemble the one created by the prevention program "Good Behavior Game", which values prosocial behavior and uses positive group contingencies to achieve desired goals (Kellam et al., 2011) . The positive power of prosocial peers in such environments would be further increased if they enjoy a high social status (Laursen, Hafen, Kerr, & Stattin, 2012) . Indeed, there is evidence that the Good Behavior Game helps prevent peer rejection and clique formation (van Lier, Vuijk, & Crijnen, 2005) . There is also evidence that exposing genetically at risk children and adolescents to prosocial peers prevents the development of antisocial behavior by mitigating the expression of genetic risk (Burt & Klump, 2013) . Finally, there is evidence that a positive relationship between children may reduce aggressive behavior even in genetically at-risk children (Salvas et al., 2014) . Testing the moderating role of these strategies in regard to the expression of genetic risk towards aggressive and non-aggressive antisocial behavior may well be the next step in putting the environment to good use for curbing genetic risk for antisocial behavior. Confidence intervals are in parentheses below parameter estimates; df = degrees of freedom. Eg that influence general antisocial behavior (i.e., the overlap between aggressive antisocial behavior and non-aggressive antisocial behavior), 2) latent factors Aaasb and Eaasb, as well as Anasb and Enasb, respectively, that influence each type of antisocial behavior specifically, and (3) latent factors EN(g) as well as EN(aasb) and EN(nasb) that influence peer group norms in a general or specific manner. 
